a ii); in 2D the ala appears more angular and has an almost square tip (figure 5 a ii, iv). In 2 0 3 addition to the 3D morphological change in the ala through its length, we also observe 2 0 4 networks of elongate channels, grooves and bands that are also visible in the 2D surface imaging (figure 4 c, d) . We propose that these are related to the pore networks observed in 2 0 6 figure 5. Pores appear black in 2D stack images because they exhibit a lower X-ray 2 0 7 attenuation compared with the surrounding calcium carbonate exoskeleton (figure 5 a iii, iv).
0 8
The pores appear to 'fan' perpendicularly to the ala edge, the same as the textures in 2D the ala. Pores also change shape, orientation and location through the length of the ala; 2 1 1 towards the apex they fan around the entire ala tip (figure 5 a iii), however towards the ala 2 1 2 sutural edge they are on one, inner side only (figure 5 a iv). there is a widening of pores on the inside edge of the plate nearest the soft bodied organism From targeted FIB-SEM nano-tomographic milling through Atlas 5/3D (section 2 2 6 3.4.1), it is possible to study the ala pore networks at a higher resolution to establish nano-2 2 7 scale features and relationships. We have compared ala pore networks with those on the 2 2 8 opposing plate (figure 6) to establish exoskeleton variations in pore structure. 10 x 10 µm 2 2 9 FIB-SEM nano-tomographic volumes reveal variations in pore morphology and alignment 2 3 0 between those on the ala and those on the neighbouring plate (figure 6). Pores on the ala 2 3 1 (figure 6 d, e) are numerous (962 in this volume), have pore diameters up to 1.56µm, and are 2 3 2 composed of mostly shorter and singular pores. This is compared with those on the opposing for values of pore width (figure 6 h) and more spherical pores (figure 6 g) in the ala. This This work represents the first correlative multi-modal and multi-scale study of barnacle volumes, and has proved successful for accurately locating specific regions of study in correlative approach is that each specialised technique can provide information relating to a 2 5 4 specific feature or structure, and that correlation across dimensions can thus inform how features at the micro to nano-scale (e.g. the voids in figure 5 b, 6) and in three dimensions 2 5 8 reveals characteristics that might not be identifiable in one or two dimensions alone (e.g. pore balanoides shows little growth after 1-2 years [13] , however in our specimens it is 3 1 7 unclear whether the barnacle was still growing or fully formed. Also unclear is indicating that crystal growth in the barnacle occurs much quicker than molluscs, between the two plates enables them to 'stick' together. This could be an important hydrogels often provide biological control on the construction of aligned calcium
carbonate domains [15, 16] . In many marine shell-producing organisms, the hydrogel other [16, 44] . Indeed, the crystal properties and microstructure in A. amphitrite are where it controls the type, size and orientation of exoskeleton-forming crystals [48] .
Consequently, it could be inferred that organic matrices have an influential effect on 3 3 9 biomineralisation in barnacles and might affect crystal shape and size, and through 
Pore networks represent organic channels and 'pockets'?
We have identified and examined numerous porous channels in the barnacle alae. We orientations. This hypothesis is supported by elongate pore networks in the more equi-axed the locations for FIB-SEM nanotomographic milling were small enough to be considered Exoskeleton/shell pores are common in many groups of biomineralised marine organisms (particularly in base plates; [22, 45] ). We propose that the ala pores in the exoskeleton of B. have a bearing on the function of the ala pores, and may represent channels/canals which hold 3 6 0 or deliver biomineraliation products to specific areas of the exoskeleton. Organic membranes [40], so it is possible that organic channels (or, ala pores) running through the barnacle 3 6 3 structure contribute towards the delivery of and biomineralisation of calcium carbonate. The however, are not all elongate channels and some pores, particularly in the opposing plate, therefore have different functions, possibly acting as channels in the ala to deliver organic 3 7 0 material for biomineralisation, and to hold pockets of organic material in the opposing plate. Barnacle wall-plate mineralisation occurs through cell-mediated Ca 2+ uptake, storage and organic intertile layer in abalone is anchored by the growth of minerals through pores [54] .
The pores forming 'canal' networks in the wall plates of large sessile barnacles consequently their crystallographic structures may also differ. Shell morphology is also
highly phenotypically plastic within a barnacle species and can change according to wave 
Implications for mechanical strength and bioinspiration
The range of crystal sizes and shapes, as well as reinforcement by organic-rich channels, to the processes required to produce the nickel superalloy, the barnacle achieves a highly- chemistry and temperatures imposed on it by the environment.
3 5
Additionally, the interlocking nature of the barnacle joints described here, combined
with the variation in crystallographic organisation and pore structure, could contribute
towards the development of materials that require movement and expansion whilst remaining Here we show the advantages of using multi-modal, multi-dimensional and multi-scale and greatly increases the amount of information that can be acquired from imaging in purely We thank reviews XX for insightful reviews of this manuscript. Additional thanks go to Freitag from Zeiss Microscopy (Germany). Authors acknowledge AIM Facility funding in part from EPSRC (EP/M028267/1), the 4 7 7
European Regional Development Fund through the Welsh Government (80708), and the Ser 
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